This paper proposes a new capacitively isolated multicell dc-dc transformer (dcx). The proposed dcx consists of dc-dc cell converters with pairs of isolation capacitors that substitute for high frequency transformers. The capacitively isolated cell converter achieves higher efficiency compared with the conventional inductively isolated dc-dc converter because of no transformers. The multicell approach also accomplishes the various voltage transformation ratios based on the input-series-and-output-parallel and input-parallel-and-output-series connections of the cell converters, overcoming the drawback of the capacively isolated converter with the fixed voltage transformation ratio. The analysis of the isolation voltage-sharing across the capacitors was conducted to show the feasibility of the proposed multicell dcx. The prototype of the 96 V-24 V, 200 W dcx using two 48 V-24 V, 100 W capacitively isolated dc-dc cell converters was also fabricated to confirm the validity of the analysis. The proposed approach contributes to the achievement of highly efficient and scalable power converters to realize future low-carbon societies.
Introduction
The amount of network traffic in the data centers has been rapidly increasing due to the widespread use of ICT (information and communication technology) equipment (1) (2) . The energy and the resource savings in the data centers will contribute to solving some of our global environmental problems. The NTT (Nippon Telegraph and Telephone) Group has been proposing the next generation dc distribution system that goes beyond the conventional 380 V dc distribution system to realize low-carbon societies (3) - (5) . One of destinations of the next generation dc distribution system is the effective utilization of the renewable energy sources. The highly efficient, the ultra-compact (high power density) and scalable dc-dc transformer (dcx) is one of key components to interface the various voltage classes of the energy storage devices and the renewable energy sources flexibly. The multicell dc-dc converter based on the ISOP (Input Series Output Parallel)-IPOS (Input Parallel Output Series) connection topology is suitable for achieving the high scalability (6) - (9) . The high power density multicell converter using the low voltage, the low power and the highly integrated cell converters has been already reported to realize the high performance multicell dcx (10) . To develop the multicell dcx, the isolated dc-dc cell converters are indispensable. The high frequency transformers a) Correspondence to: Yusuke Hayashi. E-mail: hayashi@grik.jp * Power Electronics Circuit and Systems Laboratory, Green Electronics Research Institute, Kitakyushu 1-8-409, Hibikino, Wakamatsu-ku, Kitakyushu, Fukuoka 808-0135, Japan are generally utilized to achieve the isolation. However, the high frequency transformer prevents improving the converter efficiency because the core loss and the winding loss from the transformer increase under the high frequency operation. The capacitive isolation without the high frequency transformer is one of options to solve this problem (11) - (14) . The approach using the capacitively isolated cell converters for the multicell dcx has not been discussed, and the feasibility of the dcx has not been reported.
In this paper, the capacitively isolated multicell dcx is proposed. The next generation dc distribution system is introduced at first and the necessity of the highly scalable dcx is shown. Then, the detailed configuration of the cell converter is described and the impact of the capacitive isolation topology on the power loss and the converter volume are discussed quantitatively. The dc voltages across the resonant capacitors for isolating the input voltage are also analysed to design the cell converter. Finally, the ISOP connected multicell dcx using two capacitively isolated cell converters is fabricated to confirm the validity of the proposed approach. Fig. 1 . Configuration of next generation dc distribution system for environmentally friendly data centers (5) The front-end ac-dc converter is utilized for the interface with the ac grid. This converter controls the output dc voltage, improving the power factor at the ac input side. The dcx is installed for the isolation and the voltage transformation. Here, the function of the voltage regulation is not necessary for the dcx. The various I/O (Input / Output) voltage classes of power electronics equipment are connected via the dc-dc transformer. The POL converter is installed in front of the ICT loads to regulate the load voltage strictly.
The floating grounding system with the high resistances (20 kΩ to 40 kΩ) is applied for the human safety in the 380 V dc distribution system (15) . As shown in Fig. 1 , the grounding wire is connected to both power lines for delivering the dc power via 22 kΩ resistances. The ground-fault current is limited to 8.7 mA ( = 384 V/2/22 kΩ) and this current is satisfied with the specification of 10 mA by IEC (16) . The floating grounding system is attractive for introducing the capacitively isolated converters because the high resistances for the grounding not only limit the ground-fault current but also block the common mode current derived from the power electronics converters.
In the next generation dc distribution system, the energy storages and the distributed generators based on the renewable energy sources will be installed in addition to the ICT equipment such as the servers and the storages to realize the environmental-friendly power supply system (4) . The I/O voltage classes of these applications are e.g. 384 V, 192 V, 48 V and 12 V, and they have different grounding systems. The high power density dcxs for the isolation and the voltage transformation are indispensable in this system, and the high scalability of the dcx contributes to the smooth installation of a lot of renewable power sources and energy storage devices.
DC-DC Transformer based on Multicell Converter Topology
The multicell converter topology is one of attractive options to discuss the feasibility of the highly efficient dcx with various voltage transformation ratio such as 384 V to 12 V, 384 V to 48 V and 384 V to 384 V.
The concept of the multicell dcx is shown in Fig. 2 . The dcx consists of a lot of isolated dc-dc cell converters and these cell converters are connected in ISOP (Input Series Output Parallel) and IPOS (Input Parallel Output Series) to achieve the high I/O voltages and the high output power. The non-regulated power converters based on the constant duty ratio control are applied to the cell converters because the dcxs are utilized for the isolation and the voltage transformation. The features of the dcx are summarized as follows.
• The efficiency η (%) and the power density D p (W/cm 3 ) • The utilization of the non-regulated dc-dc converters achieves the balanced voltage-and current-sharings among cell converters without any complicated control systems (17) .
• The low voltage stress of the cell converter enables to employ the low-voltage and ultra-low loss semiconductor power devices (18) . From the aforementioned features, the design of the single cell converter is one of the critical issues to improve the performance of the multicell dcx. In the next section, the detailed configuration of the cell converter is described.
Capacitively Isolated DC-DC Cell Converter
for Multicell DC-DC Transformer Figure 3 (a) shows an example of the circuit configuration for the isolated dc-dc cell converter using the high frequency transformer. The LLC resonant circuit topology is applied to the cell converter here, and this topology achieves high efficiency by the ZVS (zero voltage switching) and the ZCS (Zero Current Switching) of the semiconductor power devices. Because of the low loss generated from the semiconductor devices, the design of the high frequency transformer affects the converter performance significantly. The copper loss generated from the windings caused by the magnetic coupling of the transformer is the crucial issue to improve the efficiency, considering the skin effect and the proximity effect under the high frequency operation. Figure 3 (b) shows the circuit configuration of the isolated dc-dc cell converter based on the capacitive isolation. The static and the transient behaviours of the capacitively isolated dc-dc converter correspond to the behaviours of the isolated dc-dc converter using the high frequency transformer. The advantages of the circuit topology with the capacitive isolation are as follows.
Configuration of Isolated DC-DC Cell Converter
• The power losses generated from the magnetic components, especially the copper loss derived from the windings of the high frequency transformer, can be reduced.
• The complicated transformer design based on the electro-magnetic analysis is not required to control the leakage inductances. The drawbacks of the capacitively isolated dc-dc converter are summarized as follows.
• The voltage transformation ratio (V out /V in ) is the fixed value of 1/2 for the half-bridge circuit topology and 1/1 for the full-bridge circuit topology.
• The common mode current cannot be blocked. In case that the input terminal P i2 and the output terminal P o2 in Fig. 3 (b) are connected to the ground, the unexpected behaviors are observed. It is impossible for the single converter with the capacitive isolation to achieve the flexible voltage transformation ratio, although the converter using the transformer achieves various ratios of the voltage transformation adjusting the turn number of the windings of the transformer. The multicell converter topology solves the aforementioned disadvantage. The various voltage classes of dcx can be developed by connecting the capacitively isolated dc-dc cell converters in ISOP and IPOS.
The floating grounding system recommended to the 380 V dc distribution system solves the problem about the common mode current. The connection of the negative input terminal P i2 to the ground directly is prohibited and the common mode current is limited by the high resistances installed into the grounding system as shown in Fig. 1 .
Volume and Power Loss Estimation of Passive Components in DC-DC Cell Converter
The loss analysis and the volume estimation has been already carried out for the LLC resonant dc-dc converter using the high frequency transformer (19) . The circuit configuration corresponded to Fig. 3(a) , and the I/O voltages of the LLC converter were 384 V and 192 V respectively. The output power was 1.2 kW and the switching frequency was 1 MHz. From the experiment, the copper loss and the core loss generated from the transformer X fmr occupied 26% and 12% of the total converter loss respectively. The influence of the copper loss of the transformer was crucial, and the losses from the resonant inductor L r and the resonant capacitor C r were relatively small. The volume of the transformer was dominant and this volume occupied 69.5% of the experimental breadboard. Here, the impacts of the capacitively isolated dc-dc converter on the volume and the power loss are discussed based on the above experimental result.
In the capacitively isolated dc-dc converter shown in Fig. 3 (b), the copper loss derived from the magnetizing current through the parallel connected inductor L M substitutes for the copper loss which depends on the load current through the primary and the secondary windings of the transformer with the mutual inductance L M in Fig. 3 (a). The magnetizing current is generally smaller than the load current at the rated output power, and the copper loss in the LLC resonant tank can be reduced in the proposed circuit topology.
The volume of the parallel inductor L M in Fig. 3 (b) is also smaller than the volume of the transformer X fmr in Fig. 3 (a) because the primary winding rated at the small magnetizing current is only necessary for the parallel inductor L M . The downsized volume also contributes to reducing the core loss of the magnetic component.
Figures 4 and 5 show the experimental results about the volumes and the power losses of the passive components for the LLC resonant converters isolated by the transformer (X fmr isolated LLC). The estimation results for the converter isolated by the capacitors (C isolated LLC) are also shown in Figs. 4 and 5. The impact of the capacitively isolated converter topology on achieving the high efficiency and the high power density can be seen in these figures.
In Fig. 4 , the volumes of the transformer X fmr , the resonant inductor L r and the resonant capacitor C r are shown for the LLC converter isolated by the transformer. The transformer with the high coupling coefficient of 0.95 was applied and the resonant inductor was connected externally. The volumes of the parallel inductor, two resonant inductors and two resonant capacitors are also shown in Fig. 4 for the converter isolated by the capacitors. The transformer and the parallel inductor were designed based on the high power density design methodology (20) (21) . The passive components based on the design methodology were illustrated, taking the number of components in the LLC resonant tank into account. The volume of the LLC resonant tank can be reduced to 22% by the capacitive isolation topology.
The power losses generated from the passive components for the LLC converter isolated by the transformer and the converter isolated by the capacitors are shown in Fig. 5 . The symbols of P Cu and P core mean the copper loss and the core loss of the magnetic components respectively. The symbols of P Lr and P Cr mean the loss generated from the resonant inductors and the capacitors respectively. These power losses from the transformer X fmr and the inductor L M were calculated by using the loss map database (22) (23) and the losses from L r and C r were estimated using the published datasheets. The significant copper loss reduction by the small current and the decreased core loss caused by the downsized volume are expected.
From the aforementioned, the converter topology based on the capacitive isolation becomes one of options to improve the performance of the dcx.
Multicell DC-DC Transformer Using Capacitively Isolated DC-DC Cell Converters

Configuration and Characteristics of Capacitively Isolated Multicell DC-DC Transformer
The circuit configuration of the ISOP connected dcx using two dc-dc cell converters with the capapcitive isolation is shown in Fig. 6 . The circuit configuration of the cell converter is based on the LLC resonant circuit topology.
The I/O voltages of the dcx are V in and V out respectively. The input voltages for the high side and the low side cell converters are V i1 and V i2 respectively. The symbols of C rp1 , C rn1 , C rp2 , C rn2 mean the resonant capacitors. A pair of the resonant capacitors C rp1 and C rn1 provides the isolation for Fig. 6 . Configuration of ISOP connected multicell dcdc transformer using two capacitively isolated dc-dc cell converters Fig. 7 . Voltage transformation ratio V.S. normalized frequency for capacitively isolated dc-dc cell converter the high side cell converter and a pair of the capacitors C rp2 and C rn2 provides the isolation for the low side cell converter. The symbols of L rp1 , L rn1 , L rp2 , L rn2 mean the resonant inductances. The voltage transformation ratio V out /V in is 1/2 in case the switching frequency f sw of each cell converter approximately corresponds to the resonant frequency f r as shown in Fig. 7 . The relationship among the voltage transformation ratio, the resonant frequency and the switching frequency are formulated based on the FHA (Fundamental Frequency Analysis) for the high frequency resonant converter (24) . The resonant frequency f r in each cell converter circuit is described by using the resonant inductances L rk and capacitances C rpk , C rnk as follows. Here, the subscript of k (k = 1, 2) means the number of the cell converters.
In the capacitively isolated multicell dcx based on the ISOP connection topology, two kinds of the voltage-sharing issues have to be considered as follows.
• The total input voltage V in is divided by the input cell voltages V i1 and V i2 . The input cell voltages have to be shared equally to achieve the balanced operation by the standardized cell converters.
• The input dc voltage is blocked by the series resonant capacitors to achieve the isolation. The isolation voltage is shared by the capacitors, and the total amount of the dc biased voltages across the capacitors C rp1 , C rn1 , C rp2 , C rn2 corresponds to the total input voltage V in . The voltage unbalance issue between the input cell voltages V i1 and V i2 has been already analysed for the ISOP connected multicell converter taking the dynamic response characteristics of the dc-dc cell converters into account (17) . In case the constant duty ratio control is applied for the cell converters, the total input voltage is divided equally to all the input cell voltages in principle.
The voltage isolation by the series resonant capacitors in each cell converter is a unique issue for the capacitively isolated multicell dcx based on the ISOP connection topology. The resonant capacitors have to be designed taking not only the high frequency ac voltage based on the conventional LLC resonant circuit topology but also the overlapped dc voltage for the isolation into account. The voltages across the capacitors V Crpk , V Crnk , (k = 1, 2) in Fig. 6 are expressed as follows.
In Eqs. (2) and (3), the overbar of V Crpk , V Crnk means the dc component in the capacitor voltage. The tilde of V Crpk , V Crnk means the high frequency ac component derived from the resonant frequency f r of the LLC resonant circuit. In the LLC converter, the electric power of the high frequency ac component is provided to the load, and the dc component is blocked by the capacitors. The relationship between the total input voltage V in and the blocked dc voltage by the resonant capacitors V Crpk , V Crnk (k = 1, 2) are formulated as follows. The isolation voltage-sharing across the capacitors are described in the following section.
Isolation Voltage-sharing by Series Resonant Capacitors Among DC-DC Cell Converters
The simplified circuit configurations are shown in Fig. 8, Fig. 9(a) and Fig. 9(b) to analyse the isolation voltage shared by the resonant capacitors. Figure 8 shows the equivalent circuit to simplify the diode rectifier and the load resistance of the LLC resonant converter. This was based on the FHA, and the ac equivalent resistance R ac substituted for the diodes and the output resistance R out in Fig. 6 . Figures 9(a) and (b) show the equivalent circuits in case only the dc component of the capacitor voltage is focused on. Figure 9 (a) shows the equivalent circuit in case the high side switches in the cell converters Q p1 , Q p2 are turned on, and Fig. 9(b) shows the circuit in case the low side switches Q n1 , Q n2 are turned on. The impedances of the inductors L rpk , L rnk and L Mk (k = 1, 2) in Fig. 8 are zero for the angular frequency ω = 0. The output terminals of the equivalent resistance R ac are shorted by the parallel inductors. This means that the dc voltages of the capacitors for isolating the input voltage can be discussed without taking the load condition into account.
The isolation voltages under the steady state condition V Crpk , V Crnk (k = 1, 2) in Eqs. (2) and (3) are estimated by using the capacitor dc voltages V Crp1 , V Crn1 , V Crp2 , V Crn2 while the switches Q p1 , Q p2 are turned on in Fig. 9(a) and the voltages V Crp1 , V Crn1 , V Crp2 , V Crn2 while the switches Q n1 , Q n2 Fig. 9 . Simplified circuit configuration focused on dc components (ω = 0) for voltage-sharing analysis; (a) closed circuit in case high side switches Q p1 , Q p2 are turned on, (b) closed circuit in case low side switches Q n1 , Q n2 are turned on are turned on in Fig. 9(b) . The following equations show the relationships among these capacitor voltages.
In the above equations, the symbol of D means the duty ratio of the switches Q p1 , Q p2 . Generally, the duty ratio D is 0.5 in the LLC resonant converter. Here, the following postulations were applied to estimate the aforementioned isolation voltages.
• The deadtime which both the switches Q pk and Q nk (k = 1, 2) are turned off simultaneously is not considered because the deadtime is significantly shorter than the onstate time and the off-state time in the switching period of Q pk .
• The switches Q p1 in the high side cell converter and Q p2 in the low side cell converter are synchronously turned on and turned off to discuss two operation conditions in Figs. 9(a) and 9(b). The dc voltages across the resonant capacitors V Crp1 , V Crn1 , V Crp2 , V Crn2 are calculated by solving the equivalent circuit shown in Fig. 9(a) . The following equations are obtained from Fig. 9(a) .
The capacitor voltage V Crn2 is calculated simply based on the the low of conservation of charge in the electric circuit theory.
From the above equations, the dc voltages across the isolation capacitors in case the high side switches Q p1 , Q p2 are turned on are formulated as follows.
The capacitor dc voltages V Crp1 , V Crn1 , V Crp2 , V Crn2 are also calculated by solving the equivalent circuit in Fig. 9(b) . From Fig. 9(b) , the following equations are obtained.
The capacitor voltage V Crn2 is simply calculated as follows.
From the aforementioned, the dc voltages across the isolation capacitors in case the low side switches Q n1 , Q n2 are turned on are formulated as follows.
Finally, the isolation voltages for the resonant capacitors V Crp1 , V Crn1 , V Crp2 , V Crn2 are obtained as follows by substituting Eqs. (11)- (14) and Eqs. (19)- (22) into Eq. (5) and Eq. (6). In the following equations, D' means the duty ration of the low side switches (D' = 1 − D) .
Based on the above analysis, the shared voltages by the resonant capacitors C rp1 , C rn1 , C rp2 , C rn2 are predicted for the parameters in Table 1 . The total input voltage V in was 96 V and the input voltage V in was assumed to be divided equally to each cell converter. The input cell voltages V i1 and V i2 were calculated to be 48 V respectively. The resonant circuit which consists of the inductor L rk and the capacitor C rk (k = 1, 2) was designed to achieve the resonant frequency f r of 560 kHz for each cell converter. The relationships among the resonant parameters in Fig. 6 and the parameters in Table 1 are summarized as follows.
In Eq. (28), the resonant capacitances C rp1 , C rn1 , C rp2 , C rn2 are underspecified. To discuss the isolation voltage simply, Table 1 . Parameters for estimating shared isolation voltages across resonant capacitors Fig. 10 . Calculation result of isolation capacitor voltages for two cell converters in ISOP connected multicell dc-dc transformer the following postulations were applied here.
• The resonant capacitance C rp1 (C rn1 ) in the high side cell converter was equal to the capacitance C rp2 (C rn2 ) in the low side converter, because the standardization of the cell converters was attractive for the highly scalable multicell dcx.
• The coefficient K (≥ 1) was employed to fix the capacitances. The resonant capacitances C rp1 and C rp2 were decided by using the coefficient K and the designated capacitance C r as follows. Figure 10 shows the calculation result of the isolation voltages for the resonant capacitors. The voltages across the capacitors V Crp1 , V Crn1 , V Crp2 , V Crn2 were plotted in case the coefficient K was varied from 1 to 100. The voltages for capacitors C rp1 , C rn2 were varied from 24 V to 48 V, and the voltages for C rn1 , C rp2 were varied from −24 V to 0 V.
Generally, the isolation capacitors C rpk and C rnk (k = 1, 2) are designed to be balanced. The balanced circuit configuration is preferable to decrease the common mode noise (25) (26) . In the case of the coefficient K = 2, both C rpk and C rnk were 380 nF (= 190 nF × 2), and the capacitor isolation voltages were estimated, substituting V ik = 48 V, C rpk = C rnk = 380 nF, D = D' = 0.5 (k = 1, 2) into Eqs. (23)- (26) .
In Fig. 10 , the isolation voltages across the resonant capacitors were mutually dependent. In the case of the multicell dcx using two cell converters, both cell converters were able to be designed based on the rated voltage of each cell converter because the absolute values of the calculated voltages were less than the rated voltages of 48 V. In case the number of cell converter increases, the isolation voltages across the resonant capacitors also increase. The isolation voltagesharing have to be analysed in advance to realize the sufficient isolation barrier. 
Experiment for ISOP Connected Multicell DC-DC Transformer Using Two Capacitively Isolated Cell Converters
The prototype of the multicell dcx was fabricated to show the validity of the aforementioned analysis. Figure 11 shows the photo of the ISOP connected multicell dcx using two capacitively isolated cell converters. Figure 12 also shows the detailed circuit configuration for the experiment. The rated input voltage of the dcx V in was 96 V and the rated input voltages for two cell converters V i1 , V i2 were 48 V. The rated output voltage V out was ideally 24 V because the voltage transformation ratio of the capacitively isolated cell converter was 1/2. The 100 V GaN (Gallium Nitride) transistors EPC2016 from EPC were employed to drive the 48 V cell converters at the switching frequency of 500 kHz. The resonant circuit was designed to realize the resonant frequency of 560 kHz for accomplishing the soft switching of the transistors. The resonant inductances of 200 nH and the resonant capacitors of 380 nF which double with the isolation barrier were applied to achieve the resonant frequency. The GaN transistors EPC2001 from EPC were applied for the rectifiers at the secondary side, taking the synchronous rectification for increasing the efficiency into account. The parameters for the experiment was based on Table 1 and the detailed parameters  were shown in Table 2 . Figure 13 shows the experimental result for the multicell dcx. The input voltage V in was equally divided to the input voltage of the cell converters V i1 , V i2 and these voltages were 48 V, and the output voltage V out was 20 V. The output voltage was much smaller than the rated voltage of 24 V because the body diodes of the transistors were utilized for the rectifiers Table 2 . Parameters for experiment Fig. 13 . Experimental result for ISOP connected multicell dc-dc transformer using two capacitively isolated dc-dc cell converters (Q R1k , Q R2k , Q R3k , Q R4k : k = 1, 2) without the synchronous rectification. The body diode of each transistor for the rectification had the forward voltage drop of about 2.0 V.
The square waveforms without the overshoots were observed for the drain to source voltages V Qn1 , V Qn2 of the transistors Q n1 , Q n2 and the sinusoidal waveforms overlapped with the triangular waves were measured for the resonant currents I Lrp1 , I Lrp2 . These waveforms mean that the ZVS and the ZCS were achieved in the LLC resonant circuit topology to decrease the switching loss energies generated from the transistors Q pk , Q nk (k = 1, 2).
The voltages across the resonant capacitors V Crp1 , V Crn1 , V Crp2 , V Crn2 are also shown in Fig. 13 In Fig. 13 , a pair of capacitor voltages V Crp1 and V Crn2 had some errors although the capacitor voltages V Crp1 was ideally coincident with V Crn2 . A pair of V Crp2 and V Crn1 also had some errors. These errors were caused by the variation of the inductances and the capacitances in the commercially available passive components. Figure 14 shows the conversion efficiencies of the single cell converter with the capacitive isolation. The rated output power of the single cell converter was 100 W from Table 2 . The efficiency of the cell converter using the body diodes of FETs (EPC2016 from EPC) in the experiment were shown in the blue solid line. The efficiency at the output power of 100 W was 83.2% and this efficiency approximately corresponded to the waveforms in Fig. 13 (83.3% = 20 V/24 V). The conduction loss caused by the body diodes were dominant.
The utilization of the low voltage Silicon (Si) schottky barrier diodes (SBDs) is one of options to improve the efficiency. In Fig. 14 , the measurement result of the efficiency for the single cell converter was shown in the red solid line, in case that the SBDs (MBRB2060 from ON Semiconductor) substituted for the above body diodes. The conversion efficiency was improved from 83.2% to 92.6% at the output power of 100 W because of the lower forward voltage drop of the rectifier at the secondary side. The red dashed line in Fig. 14 means the calculation result of the conversion efficiency in the case of SBDs. The conduction loss, the switching loss generated from the semiconductor power devices, the copper loss, the core loss from the inductors were estimated independently (21) (22) (27) . The calculation result had good agreement with the experimental result. The loss analysis based on this calculation is available for estimating the efficiency of the cell converter using FETs for the synchronous rectification.
The green dashed line in Fig. 14 means the estimated conversion efficiency of the cell converter in case that the FETs (EPC2001 from EPC) were utilized for the synchronous rectification. Because of the low on-resistances of FETs, the reduced conduction loss generated from the rectifier contributed to improving the efficiency. This calculation result means that the fabricated cell converter in the experiment has the potential to achieve the efficiency over 96% by the synchronous rectification.
Conclusions
The multicell dc-dc transformer using capacitively isolated cell converters was proposed. The impact of the proposed topology on improving the conversion efficiency and the power density was discussed quantitatively. The analysis for the voltage-sharing by the resonant capacitors to isolate the total input voltage of the multicell dcx was carried out to design the resonant capacitors in each cell converter. The first laboratory prototype of the 96 V-24 V, 200 W multicell dcx using two 48 V-24 V, 100 W capacitively isolated dc-dc cell converters was fabricated, and the validity of the analysis was verified. The experimental result also showed the potential to achieve higher efficiency, taking the loss analysis into account. The highly efficient and the high power density cell converter will be developed in the future work. The proposed approach contributes to the development of highly efficient and scalable power converters to realize future low-carbon societies.
